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Final Report: Benchtop Transmission Electron Microscope (TEM) with Electron Diffraction (ED) and Scanning
Electron Microscopy (SEM) Capabilities for Analysis of Inorganic Solution-Processed Flexible Solar Cells

ABSTRACT

The award W911NF-14-1-0071 made to Delaware State University enabled the acquisition of a benchtop low-voltage Transmission Electron
Microscope (TEM) with Scanning Electron Microscope (SEM) Capability: LV EM 5. The instrument acquisition supports Analysis of
Inorganic Solution-Processed Flexible Solar Cells and has been used to accomplished the project objectives:

OL1. Support the project “Novel Thin-Film Photovoltaic Technologies Using Solution Nano-Precursors to Cu2ZnSnS4, Fe2SiS4, and
Fe2GeS4-Based Absorber Layers®, research ongoing in Dr. Daniela Radu’s (PI) laboratory.

02. Build strength in nanotechnology-related research and education at DSU.

The project resulted in two presentations at the National American Chemical Society Meeting, March 20-24, 2015 in Denver, CO.

The instrument was critical to achieve high throughput analysis of nanoparticles used in solution processed thin-films. The LV EM 5 has
been used in TEM mode for nanoparticles size screening. SEM mode has been used to identify silica nanostructure morphologies and
packing on a analysis stub.

Three students and two faculty members have been trained and are using the instrument since installation and training sessions in November
2014.
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1. Foreword

The LV EM 5 Transmission Electron Microscope (TEM) with Scanning Electron Microscope (SEM ) and
electron diffraction (ED) capability was purchased under grant W911NF-14-1-0071 as part of the Research
and Education Program for Historically Black Colleges and Universities and Minority-Serving Institutions
(HBCU/MI) Equipment/Instrumentation program (Broad Agency Announcement W911NF-13-R-0008,
Fiscal Year 2013) and has enhanced the sustainable materials lab capabilities in the Department of
Chemistry at Delaware State University. The state-of-the-art low voltage benchtop microscope has arrived
at DSU in November 2014. This report reflects the activities that have been supported by the instrument in
the period November 2014-January 2015.

The purchase price was $188,000.00 and the installation was completed in a timely manner immediately
after equipment delivery.

2. List of Appendices, Illustrations and Tables (if applicable)

TEM images (1.a through 1. ¢)

Figure 1.a TEM image of Fe,GeS4 on low voltage

—J 100nm FOV 1080 nm

Figure 1.b TEM image of Fe;GeS, on low voltage

""" Figure 1.c TEM image of Fe,GeS, on low voltage
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SEM images (2.a through 2.b)

Figure 2.a SEM image of NSN-6 silica nanospheres on low voltage

Figure 2.b SEM image of NSN-7 silica nanospheres on low voltage

3. Statement of the problem studied

The analytical capabilities of our laboratory since the purchase of the LV EM 5 increased. Quick screening
of samples can now be performed in a timely manner. The instruments enabled analysis (imaging) of the
nanostructured materials subject of our study to the extent that it become a routine job. Having a benchtop
TEM/SEM in house means that the students have been able to operate the instrument, which speaks to their
training; travel to University of Delaware (40 miles) is no longer required only for High Resolution
imaging (HR-TEM or SEM) which is needed only for samples that need extensive characterization. The
unique feature of the LV EM 5 is that the samples are analyzed in Back Scattered Light and therefore no
special coating is required.

Our nanomaterials, presently studies Fe,GeS, are employed to fabricate printed solar cells from
nanoparticles precursors.'

4. Summary of the most important results

It is of paramount importance that each batch of ink formulated with the nanoparticles contains same
particle size distribution. While composition and purity is easy to identify with X-Ray powder diffraction,
the particle size cannot be easily analyzed. Therefore, LV EM 5 made a big difference on fast throughput
sample characterization and increased our productivity as the analysis is done as soon as the particles are
synthesized. Sample TEM images are presented in section 2, images 1.a through 1.c depicting particles on a
Cu grid , with particle size distribution easy to observe.

A second project supported by the LV EM 5 requires synthesis and characterization of silica nanospheres.
*The project, lead by Dr. Cheng-Yu Lai, is focusing on fabrication of nanostructured scaffolds for catalysis
in biofuels and other applications. The nanospheres, with particles sizes in the submicron to micron size,
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are imaged by LV EM 5 in SEM mode. The SEM images, as showed in Figures 2. a and 2.b are indicative
of uniform size distribution which is the information needed by researchers to validate further the packing
capabilities in reactors that are tested for biofuels fabrication.
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